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SESSION 1C: HYDROLOGY
COMPARING THE HYDROLOGICAL FUNCTION OF NATURAL AND
CONSTRUCTED RIDGE TOP ISOLATED WETLANDS
Jonathan M. Malzone and Ethan Sweet
Science Building 2234, 533 John Hanlon Drive
Richmond, KY 40475
859-622-1278
jonathan.malzone@eku.edu
Natural and constructed ridge top isolated wetlands in the Daniel Boone National Forest,
Kentucky both provide a range of ecological services such as drought resilience, native species
habitat, and source water for game animals. However, the natural and constructed systems do
not hydrologically function the same way. Natural ridge top wetlands tend to dry out by midsummer, while constructed wetlands generally retain water all year. The hydrological controls
that led to this variability were not quantified, making conservation and restoration efforts
difficult to define. The United States Forest Service and Eastern Kentucky University began
an ongoing partnership in 2016 to determine the hydrologic function of natural and constructed
ridge top wetlands in order to make data driven conservation and restoration decisions. Six
ridge top wetlands (three natural and three constructed) were instrumented and mapped for this
study. Groundwater levels, surface water level, soil moisture, and precipitation were monitored
in each wetland monthly by manual measurements or in 15 minute intervals using sensors. Soil
physical properties (porosity, structure, grain size, and permeability) were determined from
soil cores that were analyzed at Eastern Kentucky University’s hydrology laboratory. Each
wetland was mapped via optical or laser transit so that a digital elevation model could be
constructed to compare surface morphology. Evapotranspiration of groundwater was
calculated from sensor data of groundwater level. One wetland was instrumented with 30
groundwater wells in order to completely map aquifer dynamics and model groundwater
recharge on the ridge tops. Results indicated that natural ridge top wetlands are connected to
groundwater, which seasonally recharges in the spring and is depleted in the summer. The
surface morphology of the wetlands appears to control how long the wetland has surface water
into the summer. The main controls include average slope and hillslope structure. Natural
wetlands with high slope and smooth features tended to fill with runoff after rainstorms and
leak slowly into the ground while natural wetlands with lower slopes and soil mound features
tended to have more extensive groundwater resources. These groundwater resources recharged
in winter-spring, which created groundwater discharge that sustained the wetland into later
summer months. Forest vegetation consumed groundwater in low slope wetlands at a rate high
enough to dry the system in 2-20 days. Summer storms recharged the system, which provided
extra water to forest vegetation during summer droughts. In contrast, constructed wetlands
tended to have small watersheds with compacted soils that allowed slow leakage. While
groundwater was found connected to the constructed systems, groundwater flow was slow and
there was no evidence of groundwater consumption by vegetation.
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STREAMFLOW GAIN AND LOSS, HYDROGRAPH SEPARATION, AND WATERQUALITY OF ABANDONED MINE LANDS IN THE DANIEL BOONE NATIONAL
FOREST, EASTERN KENTUCKY, 2015-2017
Mac A Cherry - Hydrologist
U.S. Geological Survey Ohio-Kentucky-Indiana Water Science Center
9818 Bluegrass Parkway, Louisville, Kentucky 40299
(502) 493-1912
macherry@usgs.gov
During 2015-17, the U.S. Geological Survey (USGS), in cooperation with the U.S. Department
of Agriculture Forest Service (USDA FS), carried out a study to characterize the hydrology
and water chemistry in the Rock Creek, Wildcat Branch, and Addison Branch areas of the
Daniel Boone National Forest (DBNF). The study areas contain abandoned mine lands which
have been the focus of remediation efforts in recent years. Synoptic surveys were used to
identify streamflow gaining and losings reaches, and characterize water-quality field
measurements in the study areas. In addition, continuous water quality and streamflow were
measured at the Rock Creek near Yamacraw, Kentucky gaging station (USGS 03410590).
Base flow was estimated in the Rock Creek Basin using six hydrograph separation methods:
(Base-Flow Index (BFI; Standard and Modified), HYSEP (Fixed Interval, Sliding Interval, and
Local Minimum), and PART) to separate total streamflow into base flow, streamflow derived
from groundwater, and runoff, streamflow that originated from precipitation. Good agreement
was observed between mean base flow index (BFI) values for all hydrograph separation
methods. The predominate source of water to Rock Creek below 137 cubic feet per second
(cfs), irrespective of method, was base flow with runoff being the predominate source of water
above 137 cfs. Approximately 84-percent of mean daily discharge values during the study
period were below the 137 cfs threshold and likely derived from groundwater. The data
suggests base flow, compared to runoff, was the more dominate source of total streamflow in
Rock Creek during the study period. The karst topography caused appreciable streamflow
losing and gaining reaches in both study areas.
The synoptic surveys indicated the quality of water at Rock Creek (median pH: 6.98 standard
units, mean specific conductance: 392 µS/cm) was less influenced from acid-mine drainage
(AMD) than Wildcat (median pH: 3.68 standard units, mean specific conductance: 835 µS/cm)
or Addison Branches (median pH: 3.23 standard units, mean specific conductance: 2,000
µS/cm). Continuous water-quality measured at the USGS gaging station Rock Creek near
Yamacraw, Kentucky showed circumneutral pH values and specific conductance values that
ranged between 30 to 259 µS/cm. The results of the study will aid the U.S. Forest Service with
their remediation efforts in the study watersheds.
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HYDROLOGY: OLD SCIENCE, NEW APPLICATIONS FOR THE BLANCHARD
RIVER IN OHIO
Erman Caudill, PE, CFM
Stantec Consulting Services Inc.,
3052 Beaumont Centre Circle, Lexington, Kentucky 40513-1703
(859) 422-3000
erman.caudill@stantec.com
The Blanchard River system in northwest Ohio drains an area of about 350 square miles before
it flows through the City of Findlay in Hancock County, Ohio. Findlay has a population of
only about 40,000, but several corporations are there including: the Cooper Tire & Rubber
Company, Marathon Petroleum, Whirlpool, and others. The watershed is mostly agricultural
upstream of Findlay, but the Blanchard River tends to exceed its bank capacity often and
expand quickly into the relatively flat floodplain. Unfortunately, the City of Findlay is in
harm’s way, as evident by a large flood in 2007 that flooded much of downtown. It happened
again in 2017.
The problem has been studied throughout the years, but the 2007 and 2017 events amplified
interest in a solution. A large flood diversion project was being proposed for the Eagle Creek
tributary of the Blanchard River near Findlay. The diversion would reduce flood risks for the
City under certain conditions, but it was expensive and had a marginal benefit-to-cost ratio.
There was also some concern that a large storm in another part of the watershed could still
cause flooding. Stantec revised the hydrologic and hydraulic studies and recommended
alternate flood risk reduction measures that included channel widening and a series of dry
detention basins in other locations in the watershed. The measures were just as effective as
the diversion channel, had a lower up-front cost, and could be phased in over time. The new
program was more robust and would be effective for storms throughout the watershed.
This presentation includes a brief discussion of Stantec’s hydrologic analyses for the Blanchard
River Flood Risk Reduction Program. Previous hydrology efforts were based on SCS Type II
rainfall events applied uniformly to the entire watershed. Stantec divided the study into smaller
pieces and applied spatial and temporal storm patterns often used in probable maximum
precipitation (PMP) analyses as design variables. Stantec worked with meteorologists from
Applied Weather Associates to develop site specific data for the study. We assessed and scaled
historic storms typically used to generate statewide PMP estimates to a smaller area and more
frequent design storm basis. Custom areal reduction factors, similar to those that were used
with NOAA Atlas 2, were determined and custom storm orientation and temporal patterns,
similar to those described in NOAA HMR 52, were applied to design storms. Several storm
center locations were tested to assess model sensitivity.
The result of Stantec’s approach was a more efficient design process, with better results and a
more accurate representation of residual risk for the proposed projects.
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